Abstract: Studies on Mo-S cluster complexes including cuboidal [ M O~S~H~O )~~I " +
. Heterometal atoms can be introduced into the latter to regenerate a cube and give a whole new series of cluster complexes (B), (3144) .
Mo-5
Details of the aqueous solution chemistry of heterometallic cubes with M = Ni and Cr are considered, (5),(6). Whereas The upper S-atom is in the same (equatorial) plane defined by the three Mo's, but is more distant to the Mo ( 2 . 4 8 h than the second (axial) S-atom (2.39&, (10 These are assigned as concurrent processes. For the first a statistical factor of 3 applies, and the rate constant k,, is assigned as substitution at each of the three Mo(lll)'s. For the second there is no statistical factor, and k, , = 0.01 66M-ls-l is assigned to reaction at the single Mo(lV1. There is therefore evidence for an electron distribution which approximates to Mo(lll),Mo(lV). What may be happening is that the equilibration process with NCS-, leading to ion-pairing at each Mo, is faster than any interchange of oxidation state in Mo(lll),Mo(lV), thus registering a difference in behaviour of the Mo(lll) and Mo(lV) centres. Studies with CI-as the substituting anion are both thermodynamically -lo3 less favourable, and absorbance changes are much smaller. As a consequence one stage only, presumably that giving the bigger absorbance change, is observed. By analogy with the NCS-reaction this can be assigned to reaction at the Mo(lV). and NiCI,.6H,O in 0.5M HCI, and purified using Dowex 50W-X2 cation exchange chromatography.
In earlier work (5) the complexing equilibrium process, Mo3NiS:+ + X-* Mo3NiS3X3+ was studied by stopped-flow spectrophotometry, and gave forward and back rate constants for X -= CI-of k, = 9.4M-'s-', k, = 0.099s-', and for X-= NCS-of k, = 45M-'s-', k, = 0.062s-. The reaction is assigned as substitution at the Ni, but as has been noted the reaction is unusually slow for substitution a t tetrahedrally coordinated Ni(ll1, (1 51, and is indeed slower than substitution on [Ni(H,O),I*+, (1 6). 1 9) . From the properties so far identified it is concluded that the Cr approximates to and is best described as Cr(lll). The three coordinated /I,-sulfido ligands give a labilisation effect. Similar effects due to a single sulfide in [Cr(H20),$HI2+ have been reported previously, (20) . In contrast the p,-sulfido ligands have little effect on substitution of the Mo(lll), cube which has a similar rate constant as that for [Mo(H,0),I3+. The relative sizes of 3d and 4d orbitals and their abilities to interact with S2-are relevant.
Preparation and Reactivity of [Mo,S,(H,0),14'
The preparation involves adding 4.0 Hpts (Hpts = p-toluenesulfonic acid) t o the orange coloured Et,N+ salt of [Mo,S,Br,I2-, and leaving to stand for 4h at room temperature. After dilution to 0.50M acid the product can be exchanged as a single band onto a Dowex 50W-X2 cation-exchange column. This is eluted a t the more concentrated acid levels 2.OM Hpts and above, consistent with a 4+ charge.
On heating a solution of [Mo,S,(H20),14+ in 4M Hpts (10mL) with concentrated HBr (IOmL), and then adding solid Et,NBr (0.291, orange crystalline [Et,N),[Mo,S,Br,l is obtained, consistent with retention of the Mo3S7,+ core. Also as part of the characterisation procedure the reaction with PR,3-was studied. A rapid yellow to green colour change is observed, and the UV-VIS spectrum obtained is that of the well characterised [Mo,S,(H,0),I4+. The reaction is uniphasic and gives a rate constant of -8 M -l s -l at 25°C in 2.OM Hpts. There are two possible interpretations (a) statistical kinetics apply with concurrent reaction at all three disulfides, (1 31, or (b) reaction at the first disulfide is rate determining and that at the second and third disulfides is fast. In further studies the aim will be t o distinguish between these two possibilities.
From isotopic labelling experiments it has been demonstrated that the equatorial S-atoms are removed in this reaction, (21 1.
The substitution properties of the H20 ligands of [Mo,S,(H,0),14+ have also been explored. The reaction with NCS-gives UV-VIS spectrophotometric changes corresponding to H, O replacement. Two stages of reactions are observed. The latter can be interpreted in terms of concurrent substitution at the three cis (to the f13-S) H,O's, which occurs at a different rate to substitution at the three trans H,O's. This is consistent with the preparation of the partially substituted product [Mo,S,B~,(NH,P~)~I~, the structure of which has been determined, (22) . These and other M, analogues are being investigated further.
